Background Although the incidence of gastric cancer has been decreasing, recent reports suggest an increased rate in select populations. We sought to evaluate trends in gastric cancer incidence to identify high-risk populations. Methods Gastric cancer incidence rates from 1992 to 2011 were computed with use of the Surveillance, Epidemiology, and End Results (SEER) registry. We evaluated trends in incidence rates by calculating the annual percent change (APC) across three age groups (20-49 years, 50-64 years, and 65 years or older) and four racial/ethnic groups (Hispanics, non-Hispanic whites, blacks, and Asian/Pacific Islanders). Results We identified 41,428 patients with gastric cancer. For the entire cohort during the study period, the APC was decreased. When patients were grouped according to sex, the APC was flat or decreased in women regardless of age or race/ethnicity. The APC was also flat or decreased for all men except young Hispanic men (20-49 years), who had an increased APC of nearly 1.6 % (1.55 %, 95 % confidence interval 0.26-2.86 %). Furthermore, young Hispanic men were the only group to have increased incidence of stage IV disease (APC 4.34 %, 95 % confidence interval 2.76-5.94 %) and poorly differentiated tumors (APC 2.08 %, 95 % confidence interval 0.48-3.70 %). Conclusions The APC of the incidence of gastric cancer in young Hispanic men places it among the top cancers with rising incidence in the USA. This is concomitant with increased incidence of advanced disease at presentation. This major public health concern warrants additional research to determine the cause of the increasing incidence in this group.
Introduction
Gastric cancer remains a leading cause of cancer-related death worldwide [1] . Although incidence rates of gastric cancer are decreasing in the general population [1] , reporting these trends fails to identify subpopulations of patients who are at increased risk of developing disease. Although it is well known that certain racial/ethnic [1] [2] [3] and age [4] groups have a greater propensity to develop this disease, there are few data pertaining to whether the incidence rates have increased for these susceptible groups. Furthermore, our own anecdotal experience suggested a greater number of young patients with gastric cancer.
Gastric cancer in young (younger than 45 years) individuals typically represents less than 10 % of new cases [5] [6] [7] [8] . Although its occurrence in this population is uncommon, the impact is significant in these often productive members of society [9, 10] . Factors that explain the occurrence of the disease specifically in young patients are sparse. Although genetic differences have been strongly implicated [11] [12] [13] , the cause of this phenomenon is likely to be multifactorial, with contributions from factors such as diet, exposure to toxins and infectious agents [14, 15] .
A deeper understanding of trends in gastric cancer incidence in subpopulations, such as the young, may make possible the design of screening programs or other intervention measures to allow the reversal of the effects of potentially modifiable risk factors such as high-salt diet or treatment of Helicobacter pylori. Furthermore, earlier detection may positively impact patient outcomes through potentially curative surgery. To further investigate our anecdotal experience, we sought to evaluate recent trends in gastric cancer incidence to identify high-risk populations.
Patients and methods

Patient selection
Cancer incidence data were obtained from the US National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program. We selected the SEER 13 research dataset as its race/ethnicity information is more specific than the SEER 9 data. The dataset comprises data from 13 SEER sites covering approximately 13.4 % of the US population (based on the 2010 census), and currently contains incidence and population data from 1992 to 2011 [16] . We selected adults aged 20 years or older who had histologically confirmed gastric carcinoma (codes 8000-8152, 8154-8231, 8243-8245, 8247-8248, 8250-8576, 8940-8950, and 8980-8990) as defined by the American Joint Committee on Cancer Collaborative Staging schema version 02.04 [17] . Because of small sample sizes within strata, we excluded the Alaska Natives Registry patients (n = 534) as well as patients with race/ethnicity coded as non-white Hispanics (n = 167) or unknown (n = 94). The stepwise selection criteria are summarized in the electronic supplementary material. Our final dataset consisted of 41,428 patients.
Statistical analysis
Temporal trends in gastric cancer incidence were summarized with use of the annual percent change (APC) statistic, which measures the change in incidence rates over each year of the study period. We calculated APCs by fitting a least squares regression line to the natural logarithm of the rates, using calendar year as the regressor variable [18] . To examine if APCs were significantly increased or decreased over time, Tiwari-modified 95 % confidence intervals (CIs) were estimated [19] . CIs not containing 0 (i.e., no change over time) were considered statistically significant, with a two-sided alpha of 0.05. We also verified temporal trends using joinpoint analyses; however, the main results did not change [20] . In addition to overall trends, trends after stratification of patients by sex, age group (20-49 years, 50-64 years, and 65 years or older), and race/ethnicity (Hispanics, non-Hispanic whites, blacks, and Asian/Pacific Islanders) were assessed. Temporal trends in clinical characteristics, including American Joint Committee on Cancer stage, grade, tumor location, and geographical region were also examined. Patients in the Northern Plains and Southwest areas were excluded from the analysis as there were no cases in some years, which prevented accurate analysis of temporal trends.
All analyses were performed with both SAS (SAS Institute, Cary, NC, USA) and SEER*Stat v8.15 (released March 31, 2014) for internal validation. SEER 13 public use data from 1992 to 2011 were obtained from the SEER website (April 2013 release) and were based on the November 2012 submission [16] . The US population data were also obtained from SEER [21] . Institutional review board approval was not required as this study used publically available deidentified data.
Results
Characteristics of the entire cohort
We identified 41,428 patients with gastric cancer (23,095 men, 55.7 %; 18,333 women, 44.3 %). Patient demographic and disease characteristics are summarized in Table 1 . Whites composed the largest group (45.2 %) of the gastric cancer cohort, and gastric cancer was commonest in the older groups (65 years or older, 68.9 %). Most of the patients with gastric cancer were men (55.7 %) and geographically located on the Pacific coast (62.2 %). In general, most of the patients (84.4 %) had no history of cancer, and the greatest proportion of tumors were located distally (31.8 %) and were poorly differentiated (56.1 %). Most patients had advanced disease at presentation (stage III, 22.0 %; stage IV, 31.2 %).
Trends in annual percent change in gastric cancer incidence General trends in gastric cancer incidence are illustrated in Fig. 1 . For the entire cohort, we observed that the APC in A rising trend in the incidence of advanced gastric cancer in young Hispanic men 227 gastric cancer incidence significantly decreased during the study period (APC -2.23 %, 95 % CI -2.43 to -2.04 %) (Fig. 1a) . When patients were categorized according to sex, the APC significantly decreased in both men (APC -2.72 %, 95 % CI -2.97 to -2.46 %) and women (APC -1.83 %, 95 % CI -2.07 to -1.58 %) (Fig. 1b) . When analyzed by age group, the APC significantly decreased in patients aged 50-64 years (APC -2.28 %, 95 % CI -2.64 to -1.91) and 65 years or older (APC -2.56 %, 95 % CI -2.80 to -2.31) and was not significantly changed in those aged 20-49 years ( Fig. 1c) . When analyzed by race/ethnicity, all groups demonstrated a significantly decreased APC in gastric cancer incidence during the study period ( Fig. 1d ).
Stratification by both race/ethnicity and sex
We then analyzed the cohort according to race and sex (Table 2 ). In women the APC in gastric cancer incidence was flat or decreased in all racial/ethnic and age groups. The APC was also flat or decreased for men of all racial/ ethnic and age groups except for young Hispanic men (age 20-49 years), in which there was a significant increase in the APC of nearly 1.6 % (APC 1.55 %, 95 % CI 0.26-2.86 %).
Trends in demographic and disease-related variables
We then analyzed temporal trends in patient demographic and disease-related variables in all racial/ethnic groups within the young male cohort (Table 3) and also compared young Hispanic men with their older counterparts (Table 4) . Young Hispanic men were the only group to have significantly increased incidence of stage IV disease (APC 4.34 %, 95 % CI 2.76-5.94 %) and poorly differentiated tumors (APC 2.08 %, 95 % CI 0.48-3.70 %). Furthermore, a significantly increased incidence was observed in young Hispanic men from the Pacific coast compared with other geographical regions (APC 1.48 %, AJCC American Joint Committee on Cancer, NOS not otherwise specified 95 % CI 0.12-2.86) and also in tumor location that was ''not otherwise specified'' compared with other tumor locations (APC 5.07 %, 95 % CI 1.04-9.26). Figure 2 illustrates the trends in gastric cancer incidence in young Hispanic men by stage, grade, tumor location, and geographical region.
Discussion
Marked disparities in gastric cancer incidence exist [1] . A recent study by Lui et al. [2] demonstrated that Asians had the highest incidence of gastric cancer; however, remarkably high rates were also noted in the black and Hispanic populations. Despite the relatively high rates of gastric cancer in select racial/ethnic groups, there has been a general decline in the overall incidence of gastric cancer in the USA during the last several decades. On the basis of clinical suspicion, we examined gastric cancer in younger patients and observed a consistent increase in gastric cancer incidence limited to young Hispanic men. Our results also highlight another worrisome feature of these young Hispanic men frequently presenting with advanced or metastatic disease. In young Hispanic men, the APC of gastric cancer places it in the top tier of cancers with rising incidence in the USA, including melanoma, liver cancer, and breast cancer [1] . Furthermore, gastric cancer remains common throughout Mexico, Central America, and South America [3] and mortality associated with this cancer is significantly higher in Latin America than it is in North America [22] . The rising incidence of gastric cancer in this population is perplexing and the exact cause is unknown. Several theories are worthy of discussion. First, it is feasible that increased rates of seropositivity of H. pylori infection, an established risk factor for the development of gastric cancer [23] , may contribute to the rise in this young population. The rates of H. pylori seropositivity are higher in Mexican Americans than in non-Hispanic whites, and there is an especially high incidence in youth and early adulthood [24] . However, infection prevalence is higher among foreign-born than US-born Hispanics [25] , and in our current study we were unable to determine whether the Hispanics with gastric cancer were foreign born. Second, it is possible that increased salt intake [26] may contribute to increased incidence of gastric cancer in this population. Obesity has been associated with the development of various cancers of the gastrointestinal tract, including gastric cancer [27] , and with obesity rates rising in the young [28] , this may increase the incidence of gastric cancer. Third, genetic susceptibility also merits consideration as a recent case-control study identified the presence of certain single nucleotide polymorphisms as loci for susceptibility to gastric cancer in Hispanic Americans [29] . Finally, differences in tumor biology may also be implicated as Hispanics have previously been shown to have increased incidence of mucinous/signet ring cell histologic type, involvement of the whole stomach, and peritoneal dissemination [30] . The alarming increase in the APC is concomitant with increased incidence of advanced disease at presentation. A number of studies have reported more advanced disease presentation in young populations. For example, Theuer et al. [7] demonstrated that patients with gastric cancer younger than 40 years were likelier to have distant metastases, signet ring cell histologic type, and higher grade. Smith and Stabile [31] also showed that young patients with gastric cancer were likelier to have diffuse histologic type, adjacent organ invasion, and nodal and distant metastases. Interestingly, the advanced disease at presentation may not necessarily result in poorer outcomes. Al-Refaie et al. [5] stratified young and older patients for the stage at presentation and observed that survival outcomes were more favorable in the younger patients.
There may be straightforward explanations for the trend toward more advanced disease in the young Hispanic cohort. Patients and their health care providers may not necessarily consider malignant causes when symptoms arise. Less access to health care as a result of low socioeconomic status may also contribute, although some studies suggest that disparities persist even when socioeconomic status and health care access are similar [32] . With the overall declining incidence of gastric cancer in the USA [1] there is likely little incentive to establish education and screening programs in the younger population,and thus the presentation of advanced disease in this population may continue.
Our study results show that this major public health concern warrants additional research to determine methods of early disease detection in this group. For example, in Japan and Korea, where the incidence of gastric cancer far surpasses that in the USA, a variety of screening strategies have been proposed [33] [34] [35] , ranging from noninvasive Table 2 Annual percent change (APC) in gastric cancer incidence in women and men by race/ethnicity tests to invasive tests [35] . A common strategy in both Korea and Japan involves mass endoscopic screening of men and women aged 40 years or older [35] . Other common strategies include screening for H. pylori and endoscopic surveillance [36] . A strategy based on individual risk and background incidence of gastric cancer may be sensible for young Hispanic men in the USA, including early eradication of H. pylori [37] . Although the incidence of gastric cancer in young Hispanics is low compared with that in other groups, there remains the potential for significant impact. Between 2000 and 2010 the Hispanic population grew by 43 %, thus constituting 16 % of the total population of the USA [38] . This dramatic and continued rise in the Hispanic population paired with the higher incidence of gastric cancer in Hispanics [39, 40] makes gastric cancer a nationwide disparity that warrants further investigation and understanding, particularly in high-risk subsets of the population.
There are several limitations to our study. The data come from a retrospective database and are subject to coding error; furthermore, the registry itself captures only a limited percentage of the population. Hispanic ethnicity is captured primarily on medical record review of the surname, which can be misleading. Because of missing data, we were unable to determine whether the rising incidence of gastric cancer occurred in Hispanic men who were born the in the USA versus elsewhere. One final consideration is that of whether the true Hispanic population is underestimated in US Census data because of the rising numbers of undocumented individuals, which has the potential to overinflate the incidence of gastric cancer in this population.
To our knowledge, this is the first study to demonstrate that the rise in gastric cancer incidence in the Hispanic population is limited to young men, with other groups showing either no change or decreasing incidence. A Table 4 Annual percent change (APC) in gastric cancer incidence in Hispanic men by age group 20-49 years 50-64 years C65 years n APC (%) n APC (%) n APC (%) priority for this major heath concern is the need to promote awareness among the Hispanic population and their health care providers. Heightened awareness and the use of appropriate screening programs may result in the ability to capture disease at an earlier stage, with the potential to better impact disease outcomes.
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